Chaotic experimental systems are often investigated using delay coordinates. Estimated values of the correlation dimension in delay coordinate space typically increase with the number of delays and eventually reach a plateau (on which the dimension estimate is relatively constant) whose value is commonly taken as an estimate of the correlation dimension D2 of the underlying chaotic attractor. We report a rigorous result which implies that, for long enough data sets, the plateau begins when the number of delay coordinates first exceeds D2. Numerical experiments are presented. We also discuss how lack of sufficient data can produce results that seem to be inconsistent with the theoretical prediction. Consider an n-dimensional dynamical system that exhibits a chaotic attractor. A correlation integral C(e) [1] is defined to be the probability that a pair of points chosen randomly on the attractor with respect to the natural measure p is separated by a distance less than e on the attractor. The correlation dimension D2 [1] of the attractor is then defined as D2=lim, ologC(e)/loge. Assume that we measure and record a trajectory of finite duration L on the attractor at N equally spaced discrete times, jxtjP-t, where x; E R". (see [7] for further discussion).
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The estimation of the correlation dimension [1] of a presumed chaotic time series has been widely used by scientists to assess the nature of a variety of experimental as well as model systems, ranging from simple circuits to chemical reactions to the human brain. It is also known that many factors, such as noise and a lack of data, can hinder the successful apphcation of the dimension extraction algorithm. In this paper, we address two issues related to the understanding of these difficulties, namely, what happens in an ideal situation (i.e. , long data string with low noise) and what could be expected when the data set is small. In particular, we focus on the character of the dependence of the estimated correlation dimension on the dimension of the delay coordinate reconstruction space.
Consider an n-dimensional dynamical system that exhibits a chaotic attractor. A correlation integral C(e) [1] is defined to be the probability that a pair of points chosen randomly on the attractor with respect to the natural measure p is separated by a distance less than e on the attractor. The correlation dimension D2 [1] of the attractor is then defined as D2=lim, ologC(e)/loge. Assume that we measure and record a trajectory of finite duration L on the attractor at N equally spaced discrete times, jxtjP-t, where x; E R". The correlation integral C(e) is then approximated by N N C(N, e) = g g e(e -lx; -x, I), (I) N(N -1) J t t J+t where e(x) =1 for x & 0 and e(x) =0 for x~0. In the limit L,N~, C(N, e) C(e). [7] for further discussion).
Consider an n-dimensional map G:R" R". Let Fig. 1 ), D2 vs m plotted as triangles for the short data set (N =2000 and Fig. 3 ).
- 20 [27] and T the delay time in Eq. (2).
Two other significant features exhibited by Fig. 4 are as follows. For m~9, log2C (N, e) increases with a gradually diminishing slope; awhile for m~11, after exiting the linear region, the log-log plots in Fig. 4 first increase with a slope that is steeper than that in the linear scaling region and then level off to meet the point (0,0). These two difierent trends give rise to an uneven distribution in the extent of the scaling regions for diAerent m with the most extended scaling region occurring at m =10.
In Refs. [8, 28] the trend observed for relatively small m is due to an "edge eA'ect" resulting from the finite extent to the reconstructed attractor. Ding et al. [5] show that the steeper slope observed for relatively large m is caused by foldings occurring on the original attractor. This can be illustrated analytically [5] for the tent map [29] Fig. 2 , at large enough m, D2 will start to deviate from the plateau behavior and increase monotonically with m. This is caused by the finite length of the data set and can be understood from the systematic behavior of correlation integrals seen in Fig. 4 . A lack of sufficient data will not only delay the plateau onset, but also make the deviation from the plateau be- 
